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Description 

Field of the Invention 

s [0001 ] This invention relates to a color negative duplicating film in which the red and green records in particular, have 
closely matched acutance. 

Background of the Invention 

10 [0002] Color photographic silver halide negative working duplicating elements, especially films, have been known, 
especially for duplicating color motion picture films. A typical example of such a duplicating element is Eastman Color 
Intermediate Film manufactured and sold by Eastman Kodak Company, U.S.A. Such a duplicating element is useful 
in preparing duplicates of motion picture films. The usual construction of such element is to have three records, each 
record having one or more layers containing emulsions sensitive to different regions of the spectrum, namely the red, 

15 green and blue light sensitive layers. Those layers contain color forming compounds which produce cyan, magenta 
and yellow dyes, respectively, in accordance with the amount of light of red, green and blue colors to which the film is 
exposed. The records are arranged with the red record lowest (that is, furthest from the light source when the film is 
exposed in a normal manner), followed by the green record above the red record and the blue record above the green 
record. 

20 [0003] Current practice for most color motion picture production involves the use of at least four photographic steps. 
The first step is the recording of the scene onto a camera negative photographic film. For applications using two steps 
this original negative is printed onto a negative working print film, producing a direct print. Most motion picture produc- 
tions use an additional two steps. The original camera negative film is printed onto a negative working intermediate 
film, such as the described Eastman Color Intermediate Film, yielding a master positive. The master positive is sub- 

25 sequently printed again onto an intermediate film providing a duplicate negative. Finally, the duplicate negative is 
printed onto a print film forming the release print. In certain situations, usually involving special effects, the intermediate 
film may be used four times. In this case, the produced master positive is used to produce a first duplicate negative 
which is then used to produce a second master positive, which is in turn used to produce a second duplicate negative. 
The second duplicate negative is used for printing the release print. 

30 [0004] Given the number of copies which are made sequentially from the intermediate film it is desirable that the 
intermediate film produce a negative that enables a print with a minimum degradation in tone scale, color, graininess, 
and sharpness when compared to the direct print. A known sharpness measurement is acutance. Any sharpness loss 
(that is, loss in acutance) in the intermediate film will be increased dramatically due to the sequential copying using 
the intermediate film, as described. Thus, an unacceptable lowering of acutance in the release print as compared to 

35 the direct print (which is the most appropriate comparison), may result. Ideally, the intermediate film would produce no 
degradation of sharpness. In practice, there has always been some sharpness degradation which results in consider- 
able sharpness loss in the sequential copying process described above to produce the release print. 

Summary of the Invention 

40 

[0005] It has been discovered that a significant cause of loss of sharpness in the color negative intermediate film as 
a whole, is as a result of unequal loss of sharpness in each of the three colored layer sets. In particular, the acutance 
of the bottom layer in a three color film has always been lower than that of the other two records. This lower acutance 
of the bottom record occurs because of the light scattering properties of the emulsions in the layers above. Existing 

45 intermediate films have the red record on the bottom followed by the green record then the blue record being above 
the other two records. In particular, the red record, which is typically lowest of the red, green and blue records, tends 
to suffer the greatest sharpness loss. As a result, when an intermediate film is used to produce release prints, the 
higher loss of sharpness in the red record becomes highly emphasized during the making of multiple sequential copies 
to produce the release print. This can cause the resulting release print to exhibit color smudging. It has been discovered 

50 that the foregoing loss of sharpness and smudging of the color film as a whole, can be reduced by more closely matching 
the sharpness loss in the layers (that is, by more closely matching the acutance of the layers). At the same time, 
excessive sharpness loss in any of the three layer sets can be avoided. 

[0006] It has been discovered that in a film containing the red, green and blue records in the order described above 
(that is, red record lowest), that the acutance of the red layer can be markedly increased to a level closer to that of the 
55 green record acutance with each layer still having high acutance and without excessive speed loss, by controlling three 
variables within certain parameters. These variables are the silver halide particle size of the fastest blue sensitive layer 
(normally having the largest silver halide particles of all the layers), the silver laydown (sometimes referred to as silver 
"level" in this application) of the fastest blue-sensitive layer, and the levels of green and red absorbers present (note 
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that a green or red absorbing dye would be colored magenta and cyan, respectively). Preferably, the red record acu- 
tance is "closely matched" (as defined later) to that of the green record. In particular, a closer matching of acutance is 
obtained in such a film, which is a color negative duplicating film, when all of the following conditions are satisfied: 

5 1) the silver halide particles in the fastest blue sensitive layer have an equivalent spherical diameter no greater 

than 0.3 um while in the remainder of the layers the silver halide particles have an equivalent spherical diameter 
of no greater than 0.23 u/n; 

2) the silver level in the fastest blue sensitive layer is no greater than 323 mg/m 2 (30 mg/ft 2 ); and 

3) a sufficient red absorber is present so that the red record MTF(12) is at least 95% of the green record MTF(1 2) 
10 and the red record F50 is no more than 6 cycles/mm less than the green record F50. 

[0007] The present invention provides a color photographic silver halide duplicating element according to claim 1 . 
The percentage figures used in this application in comparing MTF(12) values of the red and green absorbers are 
relative values, thus when it is stated that the red record MTF(12) is at least 95% of the green record MTF(12), this 
15 means that the red MTF(12) has a value which is 95% of the value of the green record MTF(12). Likewise, when the 
red record MTF(12) is stated to be within 5% of the green record MTF(12), this means within the red record MTF(12) 
has a value within 5% of the green record MTF(12). 

[0008] In addition, it is preferred that the red record have an MTF(12) of at least 90% (and more preferably at least 
93%) and an F50 of at least 45cycles/mm (and preferably at least 50 cycles/mm). 

20 

Detailed Description of Embodiments of the Invention 

[0009] The first two of the above three factors (that is, silver halide particle size and laydown of fastest blue sensitive 
layer) is important to control since in all current examples of intermediate films, the fastest blue sensitive layer has the 

25 largest silver halide particles of all the light sensitive layers and therefore is typically the most light scattering. Since 
the fastest blue emulsion causes the most light scattering, the laydown (that is, the amount of silver halide particles) 
of the emulsion is also important to control. The third parameter described (the amount of absorbers) is important to 
control since the absorbers absorb and reduce scattered green and red light before they can reach their corresponding 
light sensitive records. This is particularly important for a red absorber since the red light will tend to be scattered the 

30 most when it reaches its corresponding light sensitive record. On the other hand, it is desirable to keep use of light 
absorbers low since they will typically reduce sensitivity. 

[0010] It is preferred that color photographic element according to the present invention, have a red record MTF(1 2) 
within 5% (more preferably, within 3%) of the green record MTF(12) and the red record F50 within 6 cycles/mm (more 
preferably within 3 cycles/mm) of the green record F50. It is further preferred that color photographic elements according 
35 to the present invention have a silver level in the fastest blue sensitive layer which is no greater than 162 mg/m 2 (15 
mg/ft 2 ). In addition, the red record preferably has an MTF(12) of at least 90% and an F50 of at least 45 cycles/mm. 
[0011] The above requirements may be applied to any negative working color duplicating film having red, green and 
blue records in the typical order described above. 

[0012] The silver halide used in the photographic elements of the present invention may be silver bromoiodide, silver 
40 bromide, silver chloride, silver chlorobromide, and the like, which are provided in the form of an emulsion. The photo- 
graphic elements of the present invention preferably use three dimensional emulsions, that is non-tabular grain emul- 
sions. Preferably substantially all of the grains of all of the emulsions are essentially non-tabular grains (that is, at least 
90%, preferably 95%, and more preferably about 100%, of the grains are non-tabular). Particularly preferable for the 
emulsions of alt the layers are cubic silver halide emulsions. Tabular silver halide grains are grains having two sub- 
45 stantially parallel crystal faces that are larger than any other surface on the grain. Tabular grain emulsions are generally 
considered to be those in which greater than 50 percent of the total projected area of the emulsion grains are accounted 
for by tabular grains having a thickness of less than 0.3 mm (0.5 mm for blue sensitive emulsion) and an average 
tabularity (T) of greater than 25 (preferably greater than 100), where the term "tabularity" is employed in its art recog- 
nized usage as 

so 

J = ECD/t 2 

where 

55 

ECD is the average equivalent circular diameter of the tabular grains in jam and 
t is the average thickness in \im of the tabular grains. 
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The grain size of the silver halide may have any distribution known to be useful in photographic compositions, and may 
be either polydispersed or monodispersed, providing it meets the grain size limitations already discussed. 
[001 3] The duplicating element can be processed by compositions and processes known in the photographic art for 
processing duplicating elements, especially processes and compositions known for preparation of duplicates of motion 

5 picture films. A typical example of a useful process is the ECN-2 process of Eastman Kodak Company, U.S.A. and the 
compositions used in such a process. Such as process and compositions for such a process are described in, for 
example, "Manual for Processing Eastman Color Films-H-24" available from Eastman Kodak Co. Processing to form 
a visible dye image includes the step of contacting the exposed element with a color developing agent to reduce 
developable silver halide and oxidize color developing agent. Oxidized developing agent in turn reacts with the couplers 

10 to yield dye. Any color developing agent is useful for processing the described duplicating element. Particularly useful 
color developing agents are described in, for example, U.S. Patent 4,892,805 in column 17. 
[0014] The invention is described further in the following Examples. 

Example 1 

75 

[0015] Example 1 describes an experiment which defines the parameters established in this patent. The experiment 
is a 3 to the third full factorial experiment which involved 27 coatings and used variations shown in Table 1 . 



Table 1 : 



Parameters varied in Factorial Experiment 




Low 


Medium 


High 


Fast Blue-Sensitive 


0.21 


0.26 


0.30 


\ Emulsion Size* 








(jum) 








Fast Blue-Sensitive 


151 


237 


323 


Silver Laydowns: (mg/m 2 ) 








Absorber Dye Levels: 








(mg) 








SMB: 


81 


113 


162 


ABS1: 


25.3 


37.7 


39.3 



*Emulsion measured by turbidimetric techniques as described in Particle Characterization , vol. 2. pages 14-19, 1985. The measurement yields an 
equivalent spherical volume/turbidity mean diameter. These measurements will be described here as "equivalent spherical diameters." The cubic 
emulsions used in this experiment have edge lengths of 0.16, 0.20 and 0.23 ujti. Particles having morphologies other than cubic will be related to 
this measurement by having a volume equivalent to a sphere with the diameter equal to the Esd. 

SMB = sulfomethyl blue; also known as2,6-anthracene disulfonicacid,9,10-dihydro-1 ,5-dihydroxy-9,1 0-dioxo-4, 8- bis((sulfomethyl)amino)-4 sodium. 



The structure of ABS1 is given below. Both SMB and ABS1 are water soluble and therefore diffuse throughout the 
multi-layer structure. They also wash out during development. 

40 [0016] The above variations were chosen for specific reasons: emulsion sizes larger than the largest size had been 
shown to be the source of significant light scatter; emulsions smaller than the smallest size seemed unlikely to achieve 
the speed required for a fast blue emulsion in this system. Fast blue silver laydowns higher than the highest level were 
avoided to minimize silver laydown; fast blue silver laydowns lower than the lowest level sacrificed blue layer perform- 
ance (that is, with larger grains granularity increases significantly and with smaller grains speed is sacrificed). Absorber 

45 dye levels higher than the highest level sacrificed too much red-sensitive emulsion speed; absorber dyes lower than 
the lowest level did not provide sufficient acutance enhancement. 

[0017] The above variations were coated over a partial multilayer coating consisting of a red-sensitive record, a 
green sensitive record and with a blue-sensitive record consisting of a mid-blue and slow blue record as follows: 
[0018] A cellulose acetate film support with a back side Rem jet ™ antihalation layer was coated with the indicated 
^0 layers, in sequence, with Layer 1 being coated nearest the support. Note that in this Example and in Example 2, when 
the two red absorber dyes ABS1 and SMB were present together, they were in a ratio of 1 ABS1 to 3SMB by weight 
(that is, 1/3 by weight). Coverages in parentheses are milligrams per meter squared, unless otherwise indicated). 

Layer Arrangement 

55 

[0019] 

Layer 1 : Slow Cyan 
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0.288 g/m 2 of a red sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion with an edge length 
of 0.042 jam and chemically sensitized with sulfur and gold sensitizers. 
0.347 g/m 2 of cyan image-dye forming coupler C-1 . 
0.072 g/m 2 of masking coupler MC-1. 
$ 0.031 g/m 2 of cyan absorber dyes ABS1 and SMB. 

3.068 g/m 2 of gelatin vehicle. 

Layer 2: Mid cyan 

0.187 g/m 2 of a red sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion with an edge length 
10 of 0.072 jim and chemically sensitized with sulfur and gold sensitizers. 

0.161 g/m 2 of cyan image-dye forming coupler C-1. 
0.052 g/m 2 of masking coupler MC-1. 
0.023 g/m 2 of cyan absorber dyes ABS1 and SMB. 
0.727 g/m 2 of gelatin vehicle. 

15 

Layer 3: Fast cyan 

0.230 g/m 2 of 50% by weight red sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion with 
an edge length of 0. 1 36 u,m and chemically sensitized with sulfur and gold sensitizers with 50% by weight 
red sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion with an edge length of 0.091 u.m 
20 and chemically sensitized with sulfur and gold sensitizers 

0.114 g/m 2 of cyan image-dye forming coupler C-1 . 
0.005 g/m 2 of masking coupler MC-1. 
0.027 g/m 2 of cyan absorber dyes ABS1 and SMB. 
0.807 g/m 2 of gelatin vehicle. 

25 

Layer 4: Interlayer 

0.700 g/m 2 of gelatin vehicle. 
0.269 g/m 2 of DOX-1. 

30 Layer 5: Slow Magenta 

0.389 g/m 2 of green sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion with an edge length 

of 0.056 u.m and chemically sensitized with sulfur and gold sensitizers. 

0.329 g/m 2 of magenta image-dye forming coupler M-1 . 

0.104 g/m 2 of masking coupler MC-2. 
35 0.01 5 g/m 2 of magenta absorber dye 4,5-dihydroxy-3-(6\8 , -disulfo-2 , -naptho azo)-2,7-napthalene disul- 

fonic acid tetrasodium salt (ABS2). 

2.530 g/m 2 of gelatin vehicle. 

Layer 6: Mid Magenta 

40 0.21 7 g/m 2 of green sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion with an edge length 

of 0.080 mm and chemically sensitized with sulfur and gold sensitizers. 

0.140 g/m 2 of magenta image-dye forming coupler M-1. 

0.073 g/m 2 of masking coupler MC-2. 

0.014 g/m 2 of magenta absorber dye ABS2. 
45 0.727 g/m 2 of gelatin vehicle. 

Layer 7: Fast Magenta 

0.271 g/m 2 of green sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion with an edge length 
of 0.115 mm and chemically sensitized with sulfur and gold sensitizers. 
50 0.029 g/m 2 of magenta image-dye forming coupler M-1 . 

1 .051 g/m 2 of magenta image-dye forming coupler M-2. 
0.014 g/m 2 of masking coupler MC-2. 
0.024 g/m 2 of magenta absorber dye ABS2. 
0.727 g/m 2 of gelatin vehicle. 

55 

Layer 8: Interlayer 

0.700 g/m 2 of gelatin vehicle. 
0.269 g/m 2 of DOX-1 
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Layer 9: 

5 
10 

Layer 10: 

15 



0.065 g/m 2 of yellow filter dye Y-1 . 
Slow Yellow 

(227 as Ag) 30% by weight blue sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion, 0.115 
urn grain size chemically sensitized with sulfur and gold chemical sensitizers and containing blue spectral 
sensitizers; with 70% by weight blue sensitized cubic grain silver bromoiodide emulsion 0.091 jim grain 
size; 

(803) yellow image dye forming coupler Y-1 ; 

(22) the magenta color masking coupler MC-3 shown in Example 2 below. 
(16) cyan coupler c-1 
(2313) gelatin vehicle 

Mid Yellow 

(162 as Ag) Blue sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion, 0.145 pun grain size 
chemically sensitized with sulfur and gold chemical sensitzers and containing red spectral sensitizer. 
(222) yellow image-dye forming coupler Y-1 . 

(11) the magenta colored masking coupler MC-3 shown in Example 2 below. 
(8) cyan coupler C-1 . 
(699) gelatin vehicle. 



20 



25 




CH 



30 




35 



Y-1 



40 



45 



50 



55 
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OH 



5 




MC-1 



25 



o 



30 



n-C 4 H r CHCNH 




CN 



35 




C 5 H 11 ~ *L 



C S H 11 



40 



C-l 



45 



50 



55 
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50 



SS 
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Bis [ 3-acety 1-1- (2 # 5-dieulf ophenyl ) -2- 
pyrazolin-5-one — <4)]-pentainethine 
oxonol, pentasodium salt 



10 



15 




O O 5Na 



ABS 1 



25 [0020] The coatings were given MTF separation exposures. The separation exposures produced exposure in one 
light senstive layer at a time. Separation exposures were used to eliminate the influence of interlayer interimage effects 
on acutance. The input exposure modulation was 60 percent. The strips were processed in the ECN-2 process. Re- 
sulting images were evaluated to generate standard red, green and blue MTF curves. 

[0021] For purposes of quantifying acutance, two parameters were derived from the MTF curves: these two param- 
30 eters were used in order to characterize both the low frequency region and the high frequency region of the curves. 
The MTF at 12 cycles per mm , MTF(12), was chosen to be an appropriate descriptor of the low frequency response. 
The frequency at which the MTF equals 50 percent (F50) was chosen to be an appropriate descriptor of high frequency 
response. These parameters, MTF(12) and F50 were then modeled using standard linear regression techniques to 
provide responses as a function of the experimental parameters. Such a model provides estimations of the responses 
35 for combinations of parameters in addition to those actually tested. 

[0022] There are two parts to the foregoing effort; the first is identification of the conditions required to ensure high 
red acutance, and the second is to identifiy the conditions required for closely matched acutance between the green 
and red MTF Overlap between these two parts yields conditions which give both high red acutance and closely matched 
red and green acutance.. 

40 

High Red Acutance 

[0023] For the purposes of this example, high red acutance is defined to correspond to an MTF(12) of greater than 
93 percent and and F50 of greater than 50 cycles. The linear regression for MTF(12) was used to generate the cyan 
45 dye levels required to achieve an MTF(1 2) of greater than 93 percent for 5 grain sizes and 5 fast blue silver laydowns. 
These are shown in Table 2. 
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Table 2: 

Red Absorber Dye Levels Required to Achieve MTF(12) Greater Than 93 Percent 
(absorber dye level of smb in mg/m2, ABS1 was at 1/3 smb level in each case) 



Fast Yellow Silver Laydown (mg/sq meter) 





151 


192 


237 


282 


323 


0.21 


>85 


>93 


>100 


>98 


>95 


0.235 


>88 


>95 


>105 


>103 


>98 


0.26 


>88 


>9S 


>108 


>108 


>103 


0.28 


>88 


>98 


>108 


>110 


>105 


0.30 


>88 


>98 


>108 


>110 


>108 



Fast Yellow Emulsion Size (in jam, equivalent spherical diameter) 



[0024] Table 2 shows that the lower frequency MTF goal, as quantified by MTF(1 2) greater than 93 percent, can be 
achieved with virtually all of the combinations of grain size and silver laydown in the Table, although the higher levels 
of silver laydown, and the larger grain sizes require some increase in absorber dye levels. 

[0025] Similarly, the linear regression for F50 was used to generate cyan (that is, red absorber) dye levels required 
to achieve F50 of greater than 50 cycles/mm. That operation yields Table 3. 

Table 3: 



Red Absorber Dye Levels Required to Achieve F50 Greater Than 50 cycles/mm 
(absorber dye level of smb in mg/m2, ABS1 was at 1/3 smb level in each case) 



Fast Yellow Silver Laydown (mg/sq meter) 





151 


192 


237 


282 


323 


0.21 


all 


all 


>85 


>90 


>93 


0.235 


all 


all 


>93 


>100 


>103 


0.26 


all 


all 


>103 


>113 


>118 


0.28 


all 


all 


>113 


>131 


>136 


0.30 


ail 


all 


>133 


n/a 


n/a 



Fast Yellow Emulsion Size (in jam, equivalent spherical 
diameter) 



"air indicates that all dye levels within the range of the experiment provided required performance (that is F50 
> 50 cycles/mm) 

n/a indicates that dye levels within the range of the experiment did not provide required performance 



[0026] Table 3 illustrates the immense effect of silver laydown levels on light scatter. At the lower silver laydowns, 
all dye levels within the range of the experiment can achieve an F50 of 50 cycles/mm. At the higher silver laydown 
levels and larger grain sizes, none of the dye levels within the range of the experiment can achieve an F50 of 50. 
[0027] In order to satisfy the high red acutance requirement, both the conditions in Table 2 and the conditions in 
Table 3 should be satisfied concurrently. Thus the more restrictive condition from each table may be combined to yield 
another table which indicates the dye levels required to simultaneously achieve an MTF(12) greater than 93 percent 
and an F50 higher than 50 cycles/mm. The combination of those two tables is shown in Table 4. 
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Table 4: 



Red Absorber Dve Levels Required to Achieve MTF02) Greater Than 93 Percent and an F50 Greater Than 50 




cvcles/mm 










(absorber dye level of smb in mg/m2, ABS1 was at 1/3 smb level in each case) 






Fast Yellow Silver Laydown (mg/sq meter) 






151 


192 


237 


282 


323 


Fast Yellow Emulsion Size (in um, 


0.21 


>85 


>93 


>100 


>98 


>95 


equivalent spherical diameter) 


0.235 


>88 


>95 


>105 


>103 


>103 




0.26 


>88 


>98 


>108 


>113 


>118 




0.28 


>88 


>98 


>113 


>131 


>136 




0.30 


>88 


>98 


>133 


n/a 


n/a 


n/a indicates that dye levels within the range of the experiment did not provide required performance (that is 


both MTF(12) greater than 93 percent and F50 greater than 50 cycles/mm) 









[0028] Table 4 shows that low silver laydowns and small grain sizes require relatively low levels of red absorber dye 
in order to achieve the required performance of MTF(1 2) greater than 93 percent and F50 greater than 50 cycles/mm. 
High silver laydowns require more dye, and in the extreme of high silver laydowns and large grain sizes no amount of 
absorber dye within the experiment's range could produce the required acutance without suffering high red layer speed 
losses. 



Closely Matched Acutance 

[0029] The other part of this effort is to identify conditions that yield closely matched red and green acutance. In 
order to achieve that goal, linear regressions of the separation between the red and green MTF curves at MTF(12) 
and F50 were generated. These models allowed examination of the experimental conditions required in order to achieve 
a close curve match between the red and the green MTF curves in both the low frequency and the high frequency 
regions. For the purposes of this example, a close curve match is presumed to occur at low frequency if the red and 
green MTF curves at MTF(12) are separated by less than 5 percent. Similarly a high frequency close curve match is 
presumed to occur if the red and green MTF curves at F50 are separated by less than 6 cycles/mm. 
[0030] Table 5 shows the absorber dye levels required in order to achieve a close match (as defined in the previous 
paragraph) between the red and green curves at MTF(12). 



Table 5: 



Red Absorber Dve Levels Required to Achieve Close MTF02) Match Between Red and Green Curves ! 


(absorber dye level of smb in mg/m2, ABS1 was at 1/3 smb level in each case) 




Fast Yellow Silver Laydown (mg/sq meter) 




151 


192 


237 


282 


323 


Fast Yellow Emulsion Size (in urn, equivalent spherical 


0.21 


>78 


>85 


>94 


>95 


>92 


diameter) 


0.235 


>78 


>85 


>93 


>95 


>92 




0.26 


>78 


>85 


>95 


>98 


>95 




0.28 


>82 


>91 


>101 


>104 


>103 




0.30 


>88 


>100 


>112 


>115 


>113 



[0031] As seen before, Table 5 shows that higher dye levels are required to compensate for the scattering effects of 
large emulsion size and high silver laydowns. 

[0032] Table 6 shows the dye levels required in order to achieve a close match, as defined previously, between the 
red and green curves at F50. 
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Table 6: 



Red Absorber Dye Levels Required to Achieve Close F50 Match Between Red and Green Curves 


(absorber dye level of smb in mg/m2, ABS1 was at 1/3 smb level in each case) j 




Fast Yellow Silver Laydown (mg/sq meter) 




151 


192 


237 


282 


323 


Fast Yellow Emulsion Size (in urn, equivalent 


0.21 


75*-85 


78-93 


80-90 


83-93 


85-95 


spherical diameter) 


0.235 


83-102 


83-104 


88-107 


90-108 


93-109 




0.26 


79-104 


85-110 


93-118 


98-118 


103-123 




0.28 


78-140 


85-145 


>95 


>104 


>109 




0.30 


75*- 1 35 


78-135 


93-133 


>109 


>120 



10 



15 



* indicates lower limit on dye level in model n/a indicates that dye levels within range of the experiment did not provide required performance 



20 



25 



[0033] Table 6 shows that the goal of closely matched MTF curves at F50 can be achieved only within a range of 
dye levels, particularly for the smaller emulsion. The upper limit on acceptable red absorber dye levels for the smaller 
grains occurs because the red acutance improves beyond the green acutance. 

[0034] In order to provide a close curve match between the red and green curves the curves must closely match in 
both the low frequency and the high frequency region: the conditions listed both in Table 5 and Table 6 must be satisfied 
concurrently. Thus the more restrictive condition from each table may be combined to yield another table which indicates 
the dye levels required to simultaneously achieve red and green MTF curves with MTF(12)'s separated by less than 
5 percent and F50's separated by less than 6 cycles/mm. The combination of those two tables is shown in Table 7. 

Table 7: 



Red Absorber Dye Levels Required to Achieve Close match Between Red and Green MTF Curves 
(absorber dye level of smb in mg/m2, ABS1 was at 1/3 smb level in each case) 





Fast Yellow Silver Laydown (mg/sq meter) 






151 


192 


237 


282 


323 


Fast Yellow Emulsion Size (in urn, equivalent 


0.21 


78>85 


85>93 


n/a 


n/a 


92>95 


spherical diameter) 


0.235 


78-102 


85-104 


93-107 


95-108 


93-109 




0.26 


79-104 


85-110 


95-118 


98- 118 


103-123 




0.28 


82-140 


91-145 


>101 


>104 


>109 




0.30 


88-135 


100-135 


112-133 


n/a 


n/a 



30 



35 



40 



* indicates lower limit on dye level in model 

n/a indicates that dye levels within range of the experiment did not provide required performance 



45 



50 



High Red Acutance and Closely Matched Green and Red Acutance 

[0035] The overall goal of these efforts was to achieve a film which has both high red acutance and closely matched 
MTF curves. In order to achieve that goal, 

the conditions listed in both Tables 4 and Tables 7 must be satisfied concurrently. Thus the more restrictive condition 
from each table may be combined to yield another table which indicates the red absorber dye levels required to simul- 
taneously achieve high red acutance and closely matched MTF curves. The combination of those two tables is shown 
in Table 8. 



55 
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Table 8: 

Red Absorber Dye Levels Required to Simultaneously Achieve High Red Acutance and Close match Between Red 
and Green MTF Curves 

(absorber dye level of smb in mg/m2, ABS1 was at 1/3 smb level in each case) 



Fast Yellow Silver Laydown (mg/sq meter) 





151 


192 


237 


282 


323 


0.21 


85 


93 


n/a 


n/a 


95 


0.235 


88-102 


95-104 


105-107 


103-108 


103-109 


0.26 


88-104 


98-110 


108-118 


113-118 


118-123 


0.28 


88-140 


98-145 


>113 


>131 


>136 


0.30 


88-135 


100-135 


133 


n/a 


n/a 



10 



15 



Fast Yellow Emulsion Size (in ujti, equivalent 
spherical diameter) 



n/a indicates that dye levels within range of the experiment did not provide required performance 



20 



[0036] The single numbers listed in Table 8 suggest that there is a very narrow range of red absorber dye level which 
satisfies all of the conditions required in order to achieve both high red acutance and closely matching red and green 
acutance. 



25 



30 



35 



40 



45 



50 



55 



Example 2 

[0037] This example describes a particular color photographic negative working duplicating element of the present 
invention. The element was constructed as described. 

[0038] A cellulose acetate film support was coated with the following layers, in sequence (the coverages given are 
in milligrams per meter squared): 

Layer 1 - Slow Red - 

[0039] 

(232 as Ag) red sensitized cubic grain silver bromoiodide (3.5 % iodide) gelatin emulsion. 0.042 u.m grain size and 
chemically sensitized with sulfur and gold sensitizers. 
(334) cyan dye forming coupler C-1 . 
(62) masking coupler MC-1 . 

(167) red absorber dyes (same dyes as in Example 1) 
(3174) gelatin vehicle. 

Layer 2 - Mid Red - 

[0040] 

(139 as Ag) red sensitized cubic grain silver bromoiodide (3.5% iodide) gelatin emulsion. 0.072 u.m grain size 
chemically sensitized with sulfur and gold sensitizers. 
(152) cyan image-dye forming coupler C-1 . 
(50) masking coupler MC-1 . 
(646) gelatin vehicle. 

Layer 3 - Fast Red - 

[0041] 

(202 as Ag) 50% by weight red sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion (0.136 jam grain 
size chemically sensitized with sulfur and gold sensitizers) with 50% by weight red sensitized cubic grain silver 
bromoiodide (3.5% iodide) emulsion (0.091 ujti grain size chemically sensitized with sulfur and gold sensitizers).. 
(93) cyan image-dye forming coupler C-1 . 
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(4.5) masking coupler MC-1 
(780) gelatin vehicle. 

Layer 4 - Interlaver 

5 

[0042] 

(699) gelatin vehicle 
(269) DOX-1 

10 

Layer 5 - Slow Green - 
[0043] 

is (339 as Ag) Green sensitized cubic grain silver bromoiodide (3.5% iodide) gelatin emulsion. 0.056 ujti grain size 

chemically sensitized with sulfur and gold chemical sensitizers. 
(291) magenta image-dye forming coupler M-1 . 

(80) masking coupler MC-2. 

(100) green absorber dye (same as in example 1). 
20 (2582) gelating vehicle. 

Layer 6 - Mid Green - 

[0044] 

25 

(1 70 as Ag) Green sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion. 0.080 ujti grain size chemically 
sensitized with sulfur and gold chemical sensitizers. 
(117) magenta image-dye forming coupler M-1. 
(57) masking coupler MC-2. 
30 (807) gelatin vehicle. 

Layer 7 - Fast Green - 
[0045] 

35 

(258 as Ag) Green sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion. 0. 1 1 5 ujti grain size chemically 
sensitized with sulfur and gold chemical sensitizers. 
(27) magenta image-dye forming coupler M-1. 
(54) magenta image dye forming coupler M-2. 
40 (14) masking coupler MC-2. 

(753) gelatin vehicle. 

Layer 8 - interlaver - 

45 [0046] 

(699) gelatin vehicle. 
(209) DOX-1 

(81) blue filter dye. 

so 

Layer 9 - Slow Blue - 
[0047] 

55 (227 as Ag) 30% by weight blue sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion. 0.115 ujti grain 

size chemically sensitized with sulfur and gold chemical sensitizers and containing blue spectral sensitizer with 
70% by weight blue sensitized cubic grain silver bromoiodide emulsion .091 ujti grain size. 
(803) yellow image-dye forming coupler Y-1. 
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(22) magenta color masking coupler MC-3. 
(16) cyan coupler C-1 
(231 3) gelatin vehicle. 



Layer 10 - Mid Blue - 



[0048] 



(1 62 as Ag) Blue sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion. 0. 1 45 \xm grain size chemically 

sensitized with sulfur and gold chemical sensitizers and containing red spectral sensitizer. 

(222) yellow image-dye forming coupler Y-1. 

(11) magenta colored masking coupler MC-3. 

(8) cyan coupler C-1 

(699) gelatin vehicle. 

Layer 11 - Fast Blue - 



(226 as Ag) Blue sensitized cubic grain silver bromoiodide (3.5% iodide) emulsion. 0. 1 97 ujti grain size chemically 
sensitized with sulfur and gold chemical sensitizers and containing red spectral sensitizer. 
(184) yellow image-dye forming coupler Y-1. 
(12) magenta colored masking coupler MC-3. 
(753) gelatin vehicle. 

Layer 12 - Blue Interlayer - 

[0050] 

(915) gelatin vehicle. 
(108) Lippmann silver. 

Layer 1 3 - Overcoat Layer - 

[0051] 

(753) gelatin and matting agent. 
The Y-1, MC-1, C-1, DOX-1, M-1, MC-2, M-2 and MC-3 are identified as follows: 



[0049] 



CI 



\ S \ / 



CI 




0 
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_. /C1 

N lIHC0CH0-< ^ — OH 

II — 1 \ 

N— ^ J—OCH 3 C 12 H 25 C 4 H 9 

X ° CH 3 



C 12 H 25 -CHO-.("_">-NHS0 2 

!-f> A 

£ X ^ X CO0H 



CI H 



0 0 

(CH 3 ) 3 C-C-CH-C-NH— ^ ^— S0 2 NHC 18 H 37 - 

0 
I 

0 T " 

« v OH NH— C— CH-, 

H0 3 S / V V S0 3 H 
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0 0 CI 

II H >"% 

<cn 3 ) 3 c C-CH-CNH-X J. 

/N x X C00C H 

o=c c=o 

C 2 H 5 0-C N-CH 2 -< > 



OH 
I 

0 

I 

I Q 
l 

N OH NBCOCH- 
II I I 3 



N • 

1 \ S \ >< \ 
HSO3 Vs °3 H 



V 



OH O 

I II — * 

n-C 4 H g --CHCNK 

Y 

c s H n-t 
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The described duplicating film of the invention was used in forming a color image as follows: 

[0052] An original camera negative motion picture film (ON-1 ) (original color negative motion picture film) which was 
El 1 00 35mm EXR Color Negative Film, No. 5248, (trademark of and commercially available from Eastman Kodak Co., 
U.S.A.) was imagewise exposed to a conventional Macbeth Color Rendition Chart containing colors of the visible 

s spectrum. The Macbeth Color Rendition Chart is commercially available from Macbeth, a division of Kollmorgen Cor- 
poration, 2441 N. Calbert St., Baltimore, Md., U.S.A. and is a trademark of Kollmorgen Corporation, U.S.A. The expo- 
sure provided a developable latent image in the ON-1 film. The exposed ON-1 film was then processed in a commercial 
Eastman Color Negative-2 development process (ECN-2 process commercially available from Eastman Kodak Co., 
U.S.A.). This ECN-2 process and the compositions for this process are described in, for example, "Manual for Process- 

10 ing Eastman Color Film - H-24", available from Eastman Kodak Company, Rochester, N.Y., U.S.A. 

[0053] The described intermediate film (IF-1) of the invention was then imagewise exposed to light using the de- 
scribed processed original color negative film (ON-1 ). A latent image was formed in the intermediate film based on the 
image in the original color negative film. The imagewise exposed intermediate film was then processed in the same 
way using the same process (ECN-2) as described for the original color negative film. 

is [0054] The resulting processed intermediate film (IF-1 ) was then used to form a master positive film (MP-1 ) image. 
This master positive film was then printed again onto a second sample of the intermediate film of the invention (IF-2) 
as described above to provide a duplicate negative. The exposure steps and processing were essentially the same in 
each step as described for the exposure and processing of the original color negative film (ON-1). 
[0055] Finally the duplicate negative (IF-2) (intermediate film of the invention) was printed onto Eastman Color Print 

20 Film (ECP-1) (commercially available from Eastman Kodak Co., U.S.A.) forming a release print. The exposure and 
processing of the Eastman Color Print film (ECP-1 ) was as commercially used for the ECP-2B process commercially 
available from Eastman Kodak Co. (The ECP-2B process is described in the above "Manual for Processing Eastman 
Color Films - H-24" available from Eastman Kodak Co., U.S.A.) 

[0056] The resulting duplicating film has a red layer with an MTF(12) greater than 93% and within 5% of the green 
25 MTF(1 2), and also had an F50 exceeding 50 cycles/mm and within 6 cycles/mm of the green record F50. 



Claims 

30 1. A negative working color photographic silver halide duplicating element comprising a support bearing, in order 
from the support, at least one red-sensitive photographic silver halide emulsion layer package comprising at least 
one cyan image-dye forming coupler that is capable upon exposure and processing of forming a cyan image dye 
that absorbs in the range of the original image; at least one green-sensitive photographic silver halide emulsion 
layer package comprising at least one magenta image-dye forming coupler that is capable, upon exposure and 

35 processing, of forming a magenta image dye that absorbs in the range of the original image; and at least one blue- 

sensitive photographic silver halide emulsion layer package comprising at least one yellow image-dye forming 
coupler that is capable upon exposure and processing of forming a yellow image dye that absorbs in the range of 
the original image; 
wherein: 

40 

the silver halide particles in the fastest blue sensitive layer have an equivalent spherical diameter no greater 
than 0.3 u.m, while in the remainder of the layers the silver halide particles have an equivalent spherical diam- 
eter of no greater than 0.23 |im; 

the silver level in the fastest blue sensitive layer is no greater than 323 mg/m 2 (30 mg/ft 2 ); and 
45 a sufficient red absorber is present so that the red record MTF(12) is at least 95% of the green record MTF 

(12) and the red record F50 is no more than 6 cylces/mm less than the green record F50, where MTF(12) is 
the Modulation Transfer Function at 12 cycles/mm and F50 is the frequency at which the MTF equals 50%. 

2. A color photographic element according to claim 1 wherein the red record MTF(1 2) is within 5% of the green record 
50 MTF(12) and the red record F50 is within 6 cycles/mm of the green record F50. 

3. A color photographic element according to claim 1 wherein the red record MTF(1 2) is within 3% of the green record 
MTF(12) and the red record F50 is within 3 cycles/mm of the green record F50. 

55 4. A color photographic element according to any one of the foregoing claims wherein the silver level is no greater 
than 162 mg/m 2 (15 mg/ft 2 ). 

5. A color photographic element according to any one of the foregoing claims wherein the emulsions are comprised 
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primarily of cubic silver halide grains. 

6. A color photographic element according to any one of the foregoing claims wherein the emulsions consist essen- 
tially of non-tabular silver halide grains. 

7. A color photographic element according to any one of the foregoing claims wherein the red record has an MTF 
(12) of at least 90% and an F50 of at least 45 cycles/mm. 

Patentanspruche 

1. Ein Farbphotographie-Silberhalogenid-Negativkopier-Vervielfaltigungselement, umfassend einen Trager, der in 
der Reihenfolge ausgehend von dem Trager mindestens ein rotempfindliches photographisches Silberhalogenid- 
emulstonsschichtpaket, umfassend mindestens einen einen cyanfarbenen Bildfarbstoff bildenden Koppler, der in 
der Lage ist, bei Belichtung und Verarbeitung einen cyanfarbenen Bildfarbstoff zu bilden, der eine Absorption in 
dem Bereich des ursprunglichen Bildes aufweist; mindestens ein grunempfindliches photographisches Silberha- 
logenidemulsionsschichtpaket, umfassend mindestens einen einen magentafarbenen Bildfarbstoff bildenden 
Koppler, der in der Lage ist, bei Belichtung und Verarbeitung einen magentafarbenen Bildfarbstoff zu bilden, der 
eine Absorption in dem Bereich des ursprunglichen Bildes aufweist; und mindestens ein blauempfindliches pho- 
tographisches Silberhalogenidemulsionsschichtpaket, umfassend mindestens einen einen gelben Bildfarbstoff bil- 
denden Koppler, der in der Lage ist, bei Belichtung und Verarbeitung einen gelben Bildfarbstoff zu bilden, der eine 
Absorption in dem Bereich des ursprunglichen Bildes aufweist; 

wobei: 

die Silberhalogenidteilchen in der schnellsten blauempfindlichen Schicht einen spharischen Aquivalentdurch- 
messer von nicht mehr ats 0,3 ujti aufweisen, wahrend in den ubrigen Schichten die Silberhalogenidteilchen 
einen spharischen Aquivalentdurchmesser von nicht mehr als 0,23 jim aufweisen; 

der Silbergehalt in der schnellsten blauempfindlichen Schicht nicht mehr als 323 mg/m 2 (30 mg/ft 2 ) betragt; und 
ausreichend Rotabsorptionsmittel vorliegt, so daft die Rotaufzeichnungs-MTF(12) mindestens 95% der Grun- 
aufzeichnungs-MTF(12) betragt und die Rotaufzeichnungs-F50 nicht mehr als 6 Zyklen/mm weniger als die 
Grunaufzeichnungs-F50 betragt, wobei MTF(12) die Modulationstransferfunktion bei 12 Zyklen/mm und F50 
die Frequenz, bei der die MTF gleich 50% ist, ist. 

2. Farbphotographieelement nach Anspruch 1, wobei die Rotaufzeichnungs-MTF(12) innerhalb von 5% der Grun- 
aufzeichnungs-MTF(12) liegt und die Rotaufzeichnungs-F50 innerhalb von 6 Zyklen/mm der Grunaufzeichnungs- 
F50 liegt. 

3. Farbphotographieelement nach Anspruch 1, wobei die Rotaufzeichnungs-MTF(12) innerhalb von 3% der Grun- 
aufzeichnungs-MTF(12) liegt und die Rotaufzeichnungs-F50 innerhalb von 3 Zyklen/mm der Grunaufzeichnungs- 
F50 liegt. 

4. Farbphotographieelement nach einem der vorangegangenen Anspruche, wobei der Silbergehalt nicht hoher als 
162 mg/m 2 (15 mg/ft 2 ) ist. 

5. Farbphotographieelement nach einem der vorangegangenen Anspruche, wobei die Emulsionen hauptsachlich 
aus kubischen Silberhalogenidkomchen gebildet werden. 

6. Farbphotographieelement nach einem der vorangegangenen Anspruche, wobei die Emulsionen im wesentlichen 
aus nichttafelfdrmigen Silberhalogenidkomchen bestehen. 

7. Farbphotographieelement nach einem der vorangegangenen Anspruche, wobei die Rotaufzeichnung eine MTF 
(12) von mindestens 90% und eine F50 von mindestens 45 Zyklen/mm aufweist. 

Revendications 

1. Element de duplication photographique en couleurs aux halogenures d'argent a effet n^gatif comprenant un sup- 
port portant, dans Pordre a partir du support, au moins un pack de couches d'6mulsions photographiques aux 
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halogSnures d'argent sensibles au rouge comprenant au moins un coupleur formateur de colorant d'image cyan 
capable, au coursde I' exposition et du traitement, de former un colorant d'image cyan qui absorbe dans I'intervalle 
de Pimage originale ; au moins un pack de couches d'6mulsions photographiques aux halogSnures d'argent sen- 
sibles au vert comprenant au moins un coupleur formateur de colorant d'image magenta capable, au cours de 
I'exposition et du traitement, de former un colorant d'image magenta qui absorbe dans I'intervalle de I'image 
originale ; et au moins un pack de couches d'emulsions photographiques aux halogenures d'argent sensibles au 
bleu comprenant au moins un coupleur formateur de colorant d'image jaune capable, au cours de I'exposition et 
du traitement, de former un colorant d'image jaune qui absorbe dans I'intervalle de I'image originale ; 
ou : 

les particules d'halogenures d'argent de la couche sensible au bleu la plus rapide ont un diametre sph^rique 
equivalent ne dSpassant pas 0,3 ^m alors que dans le reste des couches, les particules d'halogenures d'argent 
ont un diametre spherique equivalent ne depassant pas 0,23 |im ; 

la concentration en argent de la couche sensible au bleu la plus rapide ne depasse pas 323 mg/m 2 (30 mg/ 
pied 2 ) ; et 

on utilise une quantity suffisante de substance absorbant dans le rouge, de maniere que I'enregistrement 
rouge MTF(12) reprSsenteau moins 95% de I'enregistrement vert MTF(12) et que I'enregistrement rouge F50 
ne soit pas inferieur a plus de 6 cycles/mm a I'enregistrement vert F50, ou MTF(12) est la fonction de transfer! 
de modulation pour 12 cycles/mm et F50 est la frequence a laquelle la MTF atteint 50%. 

Element photographique en couleurs selon la revendication 1 , dans lequel I'enregistrement rouge MTF(12) n'est 
pas separe par un intervalle de plus de 5% de I'enregistrement vert MTF(12) et I'enregistrement rouge F50 n'est 
pas separe par un intervalle de plus de 6 cycles/mm de I'enregistrement vert F50. 

Element photographique en couleurs selon la revendication 1, dans lequel i'enregistrement rouge MTF(12) n'est 
pas separe par un intervalle de plus de 3% de I'enregistrement vert MTF(12) et I'enregistrement rouge F50 n'est 
pas separe par un intervalle de plus de 3 cycles/mm de I'enregistrement vert F50. 

Element photographique en couleurs selon Tune quelconque des revendications pr^cedentes, dans lequel la con- 
centration en argent ne depasse pas 162 mg/m 2 (15 mg/pied 2 ). 

Element photographique en couleurs selon Tune quelconque des revendications precedentes, dans lequel les 
Emulsions sont principalement constitutes de grains d'halogenures d'argent cubiques. 

Element photographique en couleurs selon I'une quelconque des revendications precedentes, dans lequel les 
emulsions comprennent essentiellement des grains d'halogenures d'argent non tabulaires. 

Element photographique en couleurs selon I'une quelconque des revendications precedentes, dans lequel I'enre- 
gistrement rouge a une MTF(12) d'au moins 90% et une F50 d'au moins 45 cycles/mm. 
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